
Putnam Competition 2019 Combinatorics Training Problems 2-3

PROBLEM SET 2

Problem 4. n students are taking an exam containing m different problems. The

rule of the exam is as follows: when there are exactly x students that doesn’t come up

with the complete correct solution, every student getting the complete correct answer

will get x points while others will get 0. List the scores of all participated students as

p1 ≥ p2 ≥ ... ≥ pn. Find the maximal possible value for p1 + pn.

Problem 5. Given a sequence (xk)
k
i=1 consisting of 0 and 1, A is the number of triples

(xi, xj , xk) (1 ≤ i < j < k ≤ n) that equal to (0, 1, 0) or (1, 0, 1). Suppose for 1 ≤ i ≤ n, di

is the number of j such that j < i, xj = xi or j > 1, xj ̸= xi.

(1). Prove that A = C3
n − C2

d1
− ...− C2

dn
;

(2). Let n be odd. Find the maximal possible value of A.

PROBLEM SET 3

Problem 1.(2009 A1) Let f be a real-valued function on the plane such that for every

square ABCD in the plane, f(A)+ f(B)+ f(C)+ f(D) = 0. Does it follow that f(P ) = 0

for all points P in the plane?

Problem 2.(2012 B2) Let P be a given (non-degenerate) polyhedron. Prove that

there is a constant c(P ) > 0 with the following property: If a collection of n balls whose

volumes sum to V contains the entire surface of P , then n > c(P )/V 2.

Problem 3. Given 101 rectangles so that all side lengths are integers no more than

100. Prove that there exists 3 rectangles A, B and C among them so that A can be put

inside B and B can be put inside C.
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Problem 4.(2018 A6) Suppose that A, B, C, and D are distinct points, no three of

which lie on a line, in the Euclidean plane. Show that if the squares of the lengths of the

line segments AB, AC, AD, BC, BD, and CD are rational numbers,then the quotient

Area(∆ABC)

Area(∆ABD)

is a rational number.
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